In this work, different types of honey were characterized based on their palynological and biochemical characteristics. A mellisopalynological analysis was performed to authenticate the botanical origin of the honey samples. According to this method, the honey types were classified in: acacia (n = 10), linden (n = 10), and rape (n = 10). This article also reports the phenols content, the flavonoids content, and the antioxidant activity of honey samples. The highest level of antioxidant activity was recorded for linden honeys and the lowest for acacia honeys. The multivariate analysis demonstrated to be an important tool in classification and discrimination between different honeys concerning the palynological and biochemical properties.
INTRODUCTION
Honey is a complex food product consisting of major compounds, including monosaccharide (glucose and fructose), and minor compounds, such as proteins (including enzymes), vitamins, minerals, and various bioactive components. Honey is produced by bees from the collected nectar and its physico-chemical, rheological, palynological, sensory, and biological composition depends on the nectar source. [1, 2] Honey composition may also depend on the geographical origin, season, processing, packaging, and storage conditions. [1, [3] [4] [5] Several studies have been conducted in order to evaluate the characterization of honeys from different floral origins (e.g., acacia, lime, chestnut, blackberry, eucalyptus, sun-flower) from different countries. [6] [7] [8] [9] [10] [11] Melissopalynology represents the most common technique to evaluate the contribution of different plants in the honey produced by bees and let to elaborate the pollen spectrum of the product. The pollen spectrum depends on the floral, agricultural, and forest conditions where honey is produced. The interpretation of this pollen spectrum must take into consideration the different production capacities of plants in relation to those resources that have a considerable beekeeping importance, especially nectar and pollen. [12] Usually, honeys are nominated as monofloral when at least 45% of pollen grains come from the considered plant. For honey samples having under-represented pollen grains (i.e., Robinia pseudoacacia, Tilia, Rosmarinus, Citrus, Thymus, and Lavandula), botanical classification may be achieved with a pollen frequency percentage of only 10-20%. However, for honey samples having over-represented pollen grains (i.e., Brassica napus, Eucalyptus, Castanea, and Myosotis), botanical origin may be achieved with a pollen frequency percentage of 70-90% [13, 14] . Recently, much attention has been devoted to natural antioxidants and their association with health benefits. [15] [16] [17] [18] Honey serves as an antioxidant source due to its bioactive components, such as phenols (phenolic acids and flavonoids), which are efficient in reducing heart disease, cancer, immune system decline, autism disease, gastrointestinal disorders, asthma, chronic wounds, skin ulcers, and cataracts. The antioxidant potential of phenolic compounds is mainly due to their redox properties, which allow them to act as reducing agents, hydrogen donators, and singlet oxygen quenchers. [19] The phenolic compounds in foods are increasingly of interest because they retard oxidative degradation of lipids and improve the nutrition and quality of food. [20] Several studies were carried out in order to evaluate the antioxidant capacity of honey samples and its correlation with phenolic compounds. [5, [21] [22] [23] [24] [25] [26] [27] [28] In Romania, due to the geographical and climatic conditions that provide an appropriate environment for apiculture, honey production has been well developed. Romania is 19th in worldwide honey production with 39,000 beekeepers, and honey production in a normal year is roughly 20,000 tons. The main Romanian honeys are acacia, lime, rape, sun-flower, and polyfloral. The aim of this study was to increase knowledge of the Romanian unifloral honeys based on their botanical origin, the antioxidant activity, and some biochemical components.
MATERIAL AND METHODS

Materials
A total of 30 honey samples from different floristic regions of Romania were collected directly from beekeepers, who guaranteed their floral origin, during the 2009-2010 honey harvests. The samples were stored in plastic containers at 4
• C prior to analysis. All of the analyses were carried out in duplicate.
CHEMICALS
Folin-Ciocâlteu reagent, gallic acid, quercetin, and 1,1-diphenyl-2-picrylhydrazyl (DPPH) were purchased from Sigma Aldrich and all other reagents were of analytical grade.
Melissopalynological Analysis
The pollen analysis was carried out according to Louveaux's method, [13] with some modifications, using an Olympus Bx 50 Microscope. Ten grams of honey with about 40 ml of distilled water were mixed, then centrifuged at 4500 rpm (3383 g) for 15 min, and the supernatant liquid was drew carefully. The residue was dissolved again and centrifuged for another 15 min. The slides were prepared with the entire sediment. A minimum of 800 pollen grains were counted to compose the pollen spectrum of each honey. The individual occurrence of each pollen type was expressed as percentage.
Total Phenolic Content
For the determination of total phenol content, the method of Folin-Ciocâlteu proposed by Singleton and Rossi [28] and adapted by Singleton et al. [29] was conducted. It is a spectrophotometric method based on the oxidation of phenolic compounds of phosphomolybdic and phosphotungstic acids, forming a blue complex measured at 765 nm. Ten grams of honey were diluted in 30 ml of distilled water. The honey solution was diluted to a concentration of 0.11 g/ml. In 10 ml of water was added 1 ml of this solution, 1 ml Folin-Ciocâlteu reagent, and after 2 min of stirring, 5 ml of Na 2 CO 3 (20%) was also added. After refilling with distilled water up to a volume of 25 ml, the solutions were kept for 1 h in a dark place. For calibration curve, a stock solution of gallic acid (0.50 mg/ml) was prepared for further dilutions (0.01-0.50 mg/ml). The linearity obtained was 0.998 (R 2 ). The absorbance was measured using a JENWAY 6505 UV-VIS Spectrophotometer at 765 nm. Results were expressed as mg of gallic acid equivalents in 100 g of honey (mg GAE/100 g).
Total Flavonoid Content
The estimation of the total flavonoid content was evaluated using the Dowd method adapted by Arvouet-Grand et al. [30] Ten grams of fresh honey were diluted in 30 ml of distilled water. To determine the flavonoid content, 2 ml of the honey solution (0.33 g/ml) were added to 0.5 ml of AlCl 3 (2%) and refilled with distilled water up to a volume of 25 ml. After 30 min in a dark place the absorbance of honey samples was measured at 425 nm. For calibration curve, a stock solution of quercetin (0.1 mg/ml) was prepared for further dilutions (0.002-2 mg/ml). The linearity obtained was 0.998 (R 2 ). The results were expressed as mg of quercetin equivalents in 100 g of honey (mg QE/100 g).
Free Radical Scavenging Activity
Radical scavenging activity (RSA) was determined using the stable radical 1,1-diphenyl-2-picrylhydrazyl (DPPH), according to the method reported by Chen et al. [31] and adapted by Meda et al. [20] Methanol was used for honey samples preparation (0.1 g/ml). From these solutions, 0.3 ml were mixed with 2.7 ml of DPPH solution (0.06 mM). The solutions took a violet color whose intensity was decreasing with the presence of antioxidant components. Afterwards the solutions were kept in a dark place for 30 min. Finally, the absorbance of the samples was measured at 517 nm. The antioxidant activity of each sample was calculated as the percentage RSA with the formula:
where RSA is inhibition of DPPH − (%); A B is absorbance of blank solution; and A A is absorbance of honey solution. The blank was prepared in the same conditions, the difference being that instead of honey solution the same volume of distilled water was used.
Multivariate Analysis
Multivariate statistical techniques (Spearman Rank Correlation analysis, Principal Component Analysis (PCA), and Cluster analysis) were performed using STATGRAPHICS Centurion XVI software and SPSS Statistic 17.0 software for Windows. These chemometric analyses were carried out in order to relate the botanical origin and to classify the different honey types. PCA is used to determine which variables discriminate between three naturally occurring groups (among pollen types and biochemical components), while Spearman rank correlation is an additional procedure for assessing the relationship between variables. These statistical analyses allow us to see if there are any correlations between the botanical origin and bioactive compounds of analyzed honey samples.
RESULTS AND DISCUSSION
This study provides not only the palynological spectra, botanical classification, and the antioxidant capacity of honey samples, but also the correlations between these valuable characteristics.
Melissopalynological Analysis
Some families are highlighted by a notable representation in the pollen spectrum of honeys, principally: Brassicaceae, Rosaceae, Fabaceae, Fagaceae, Plantaginaceae, Tiliaceae, and Asteraceae. A total of 55 pollen types corresponding to 32 families were identified in the analyzed samples. There is a wide variety of pollen types in different honey samples, but only about 20 taxa were the main sources for bees' food. The best represented pollen types in the honeys were: Brassica napus type, Rumex, Prunus, Robinia pseudoacacia, Plantago, Crataegus monogyna type, Filipendula, Rubus, and Tilia ( Table 1) . Some of these pollen types were also reported in honeys for neighboring areas, such as Bulgaria and Croatia. [8, 32] According to the botanical classification of honeys, 10 samples were classified as acacia honey, 10 were classified as linden honey, and 10 as rape honey. In acacia samples, Robinia pseudoacacia pollen was frequently the secondary pollen (with percentages ranging between 5.8 and 30.1%); only in one sample, was this pollen dominant (being 57.9% of the pollen spectrum of the sample). In linden honeys, Tilia pollen was present with percentages between 28.3-88.3% and for nine samples was a dominant pollen (>45% of pollen spectrum). For rape honeys, Brassica napus type was present with percentages ranging between 52.1 and 93% of the pollen spectra being over-represented pollen. The high occurrence of Brassica napus type in all the samples must be noted. The secondary pollens were Tilia in one rape honey, Brassica napus type, Filipendula type, and Prunus type in acacia honeys and Brassica napus type, Helianthus annuus type, and Anthriscus type in linden honeys.
Concerning the palynological characteristics of the honeys, it is worth mentioning the frequency of some Rosaceae as Filipendula or Fragaria in acacia honeys, some Apiaceae, such as Daucus carota, Anthriscus, or Bifora radians in linden honeys. Onobrychis viciifolia was an important pollen in one rape honey. Also, Rumex, as a present pollen (<1% of the pollen spectrum), has been identified in 28 samples, making it a very frequent pollen. This frequency was also reported for Italian acacia honeys from the Varese region. [33] Table 1 Principal pollen types in samples (the percentage in the pollen spectra is expressed as a number of the samples in which the pollen type reaches the frequency). Acacia (n = 10) Linden (n = 10) Rape (n = 10) From a palynological approach, the pollen richness depends on the pollen production of the plant, the meteorological conditions, the distance from the beehive to the flower area, pollen's diameter, and honey extraction. [1] The pollen richness in samples varied between 525 and 19525 pollen grains per gram of honey with an average of 3700. There was a significant variation among the unifloral honeys: acacia honey had an average of 1875 pollen grains per gram of honey (minimum of 525 and maximum of 5150 pollen grains per gram of honey), linden honey recorded an average of 1852 (minimum of 875 and maximum of 3750 pollen grains), while rape honey had an average of 7372 pollen grains per gram of sample (minimum of 1975 and maximum of 19525). Rape honeys had the highest pollen content while Robinia and Tilia honeys have under-represented pollen so the percentages of the respective pollen in unifloral honeys are generally low to very low. The low quantity of pollen in some acacia and lime honey samples was also reported for these European honeys. [2, 10] 
Total Phenol Content, Total Flavonoid Content and Radical Scavenging Activity
In the second part of this study, the presence of some bioactive compounds in samples was determined. Researchers from different scientific fields investigated for many years the biological properties of honey, but recently increased interest in the application of antioxidants for humans (both in food and medical treatments) has been observed. [34] [35] [36] [37] [38] [39] [40] The concentration of phenolic compounds in honey depend on the floral origin, this being the major factor responsible for the biological activity of honey. [41] [42] [43] The results of these determinations are presented in Table 2 . Linden honeys showed the highest total phenol content ranging between 33.2 and 57.3 mg GAE/100 g honey. Linden honey was followed by rape honey with an average of 23.7 mg GAE/100 g honey. Acacia group recorded the lowest total phenol content ranging between 12.0 and 31.5 mg GAE/100 g honey. Similar values were reported for other acacia and linden honeys (between 2-39 mg GAE/100 g and 16-38 mg GAE/100 g). [7] The total phenolic compounds were higher in linden samples than in acacia or rape honeys and were also reported by other authors. [41] [42] [43] The same linearity was obtained for flavonoids content. The acacia honey group had the lowest values regarding the total flavonoids content with an average of 1.3 mg quercetin/100 g honey, while linden honey recorded the highest total flavonoid content with an average of 3.2 mg quercetin/100 g ranging between 2.4 and 5.4 mg quercetin/100 g honey. Concerning the flavonoid content for acacia honeys, similar values were obtained for other Romanian honeys (0.91-2.42 mg QE/100 g), [5] while higher values were reported for African honeys. [21] The maximum value for RSA was obtained for linden honey ranging between 19.6 and 37.9% with an average of 27.2%. As it can be observed, acacia honey had the lowest level with an average of 10.7%. These samples recorded the lowest level of Table 2 . Linden honeys had significant highest phenol content (p < 0.05) and acacia honeys significant lowest flavonoids content (p < 0.05). Differences between acacia, linden, and rape honeys were determined in relation to the RSA (p < 0.05). Also, some significant differences in the pollen spectrum of the samples were included; it is highlighting the highest representation of Prunus and Filipendula in acacia honeys (p < 0.05).
Multivariate Analysis
To find a possible dependence between the antioxidant compounds and the antioxidant activity of honeys and the botanical origin of the samples, a Spearman rank correlation analysis has been performed ( Table 3 ). The highest positive correlation coefficient belonged to Tilia and total phenols (0.82). This confirmed that linden honeys had the major phenol content (p < 0.05). A positive correlation between Tilia and total flavonoids, and Tilia and RSA supports the best antioxidant capacity for the samples of the linden tree (p < 0.05). On the contrary, the presence of Robinia pseudoacacia in honeys had a negative correlation with the content in phenols and flavonoids and thus a low antioxidant capacity (p < 0.05). Brassica napus had significant negative correlation with phenol content (p < 0.05) but no significant correlations were found with the flavonoids content and RSA; it may be that Brassica napus pollen is an important pollen in all of the studied samples.
In order to classify the different honey types, a PCA was performed with variables obtained through pollen analysis and phenols content, flavonoids content, and RSA. Seven factors were extracted but only two had an eigenvalue higher than 1.0 (Table 4) . These two factors let to explain a cumulative variance of 78.96%. The variables, Brassica napus and Tilia, had the highest score in the first factor while RSA had the highest score in the second one. The distribution of the samples and the factors were plotted in Figure 1 . Brassica napus was situated near pollen richness opposite to Tilia, total phenol content, and RSA. The unifloral honeys (acacia-1, linden-2, and rape-3 honey) were clearly differentiated.
The similarities between the samples were analyzed with a cluster analysis (Figure 2 ). The cluster classified the samples according their botanical origin. Nine samples of acacia honey, all the rape honey, and all the linden honey were clearly grouped. Only one acacia honey sample was distributed in a separate group due to its high value of Robinia pseudoacacia (57.9%). This high content of Robinia pseudoacacia pollen is very uncommon in acacia honeys. 
CONCLUSIONS
This article provides information regarding the palynological characterization and antioxidant activity of the main Romanian honey types (acacia, linden, and rape unifloral honeys). The main pollen types identified in the pollen spectrum of the samples were: Brassica napus type, Tilia, Robinia pseudoacacia, Helianthus annuus, Filipendula, Fragaria, Trifolium repens type, Prunus, and Rumex. Brassica napus type occurred in all the studied samples in different percentages. Acacia honeys had a low representation of Robinia pseudoacacia pollen. Also, a low percentage of Tilia pollen was found in some linden honeys. The multivariate techniques used with the variables obtained with pollen analysis and the antioxidant compounds allowed a good classification of the samples according their botanical origin.
